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PART II SECTION A: 
1. TITLE: LONG-TERM RECORDING OF NEURAL SIGNALS FROM MONKEY. 
KEYWORDS: Unit recordings, monkeys, cone electrode, 
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Axis II: 21. 
PRC Unit: Division of Neurobiology. 
(a) Kennedy, Philip R. 
(b) MD, PhD. 
(c) Division of Neurobiology. 
(d) (0): Collaborative. 
Co-Investigators: 
(a) Tigges, Johannes 
(b) PhD. 
(c) Chief, Division of Neurobiology 
(d) (C). 
(a) Bakay, Roy A.E. 
(b) MD 
(c) Division of Neurobiology 
(d) (C) 
(a) Mirra, Sue 
(b) MD 
(c) Division of Neuropathology, VA 
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5. Species: Macaque Mulatta. 
6. Number: Four (4). 
7. Non-Host Institution: 
8. Abstract 
Georgia Institute of Technology 
Atlanta, Georgia 30332. 
Veterans Administration Med. Center 
Clairmont Road 
Atlanta, Georgia 
Objectives: Determine [1] how long would the Cone electrode 
continue to monitor neural signals in monkeys, [2] what can be 
reveal at the electronmicroscopic level regarding the tissue inside 
the cone, [3] if neurotrophic substances can be used in the monkey 
to produce neural signals from the electrode, [4] if single units 
can be controlled by the monkey. 
The significance of this research in primates is that it will 
allow monitoring of neural signals over long time periods for the 
study of motor control, sensory responses, sensori-motor 
integration, plasticity experiments in the motor and sensory 
systems with its attendant questions of learning and memory, and, 
not least, its possible role as a neural prosthetic controller. 
Methodology: Similar to the rat (see paper). 
Results: [1] Recordings have continued until 15 months in 
one monkey who damaged the implant at that time. Waveshapes have 
been separated and their waveshape parameters applied to all 
recording sessions over the 15 months. This has revealed similar 
waveshapes for two units consistently, and for three other units 
during most sessions. [2] EM studies in monkey and rat show some 
myelinated neuronal processes inside the cone, as well as 
astrocytic cells, collagen and other material. To study this more 
closely, rats are being used that have cone electrodes filled with 
neurotrophic substances that result in recording of neural signals. 
At the EM level, myelinated fibers have been seen throughout the 
cone tissue. These studies are continuing in rats whose cone 
electrodes are being harvested at intervals after implantation. 
[3] Five electrode implants were made with neurotrophic substances 
(Matrigel or Laminin) inside the cone. Disappointingly, no signals 
were recorded from these implants. This may well be due to the 
possibility that the neurotrophic substances were inadequate and no 
neurites grew into the cone. The implant preparation is still 
intact and histological examination will be made in due course. 
[4] Experiments are getting underway to study the possibility that 
monkeys can control the firing of their own separated single units. 
These behavioral experiments require major equipment that has been 
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The following paper has been submitted to IEEE Trans. Biomed. Enq. 
for publication: 
Long term recording of separated single units using the cone 
electrode in rats and monkeys. P.R. Kennedy, S.M. Sharpe, D.M. 
Banks, and R.A.E. Bakay. 
The following paper forms the basis for the monkey implants: 
The cone electrode: a long-term electrode 
neurites grown onto its recording surface. 
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